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Claims 

1. A method of making a silicone rubber having a structure adapted for growth of 
cells or living tissue, which comprises contacting a silicone rubber precursor with a 
biologically-acceptable sacrificial filler, curing the resultant mixture and removing the 
sacrificial filler to form a structured silicone rubber. 

2. A method as claimed in claim 1, wherein the silicone rubber precursor can be cured 
or vulcanized at room temperature. 

3. A method as claimed in claims 1 or 2, wherein the biologically-acceptable sacrificial 
filler is bio-compatible, such that it is innately non-toxic and does not leave a toxic residue. 

■^S^X A method as claimed in claims 1, 2 or 3, wherein the sacrificial filler does not 

interact AemSlry with the silicone rubber precursor or with the resultant silicone rubber 
and is stable at temperatures used to cure the resultant mixture. 

5. A methoAas claimed in any one of the preceding claims, wherein the sacrificial 
filler is granular anb, preferably, crystalline. 
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6. A method as\claimed in any one of claims 1-4, wherein the sacrificial filler is 
amorphous. 

7. A method as clkimed in any one of the preceding claims, wherein the sacrificial 
filler is ground and, preferably, classified, prior to contacting the silicone rubber precursor. 

8. A method as claimed in claim 7, wherein the sacrificial filler is wet-milled, prior to 
mixing with the silicone rubber precursor. 



A method as ctaimed in claims 7 or 8, wherein the sacrificial filler is milled to a 
particle size of 0.01-10 \m, preferably 0.05-1 um, and most preferably 0.1-0.4 um. 
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10. A methodlas claimed in claims 8 or 9, wherein the sacrificial filler is an inorganic 
salt and is milled iA an organic solvent. 

11. A method ai claimed in any one of the preceding claims, wherein the sacrificial 
5 filler is an inorganic Lit selected from the group consisting of metal halides, metal 

carbonates and metal ibicarbonates. 

12. A method as claimed in claim 1 1, wherein the inorganic salt is selected from the 
group consisting of lithium bicarbonate, sodium bicarbonate, potassium bicarbonate, 

10 lithium chloride, sodium chloride and potassium chloride. 

13. A method as claimed in claim 12, wherein the sacrificial filler is sodium bicarbonate 
or sodium chloride, preferably food grade sodium bicarbonate or sodium chloride. 

1$ 14. A method as claimed in claim 13, wherein the sodium bicarbonate or sodium 
chloride is wet-milled under xylene. 

]>r->15. A method as claimed in any one of the preceding claims, wherein the sacrificial 
Z^yV^ filler is removed^y dissolution, preferably in an aqueous solvent. 

16. A method as claimed in claim 15, wherein the sacrificial filler does not cause 
swelling of the silicone rubber when removed using an aqueous solvent. 

17. A method as claimed in claim 16, wherein the sacrificial filler is sodium 
25 bicarbonate. 

A methoci\as claimed in any one of the preceding claims, wherein free -OH groups 
of the silicone rubBer are chemically modified, so as to enhance cell adherence. 



' 20 




30 19. A method as cMmed in any one of the preceding claims, wherein the surface of the 
silicone rubber is chargeM by bombardment with electrons. 
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0. A method as claimed in any one of the preceding claims, wherein the silicone 
rubber precursor comprises at least one additive that is not removed with the sacrificial 
filler and serves to imnart desired physical properties on the rubber. 

21. A method as claimed in claim 20, wherein the additive is a metal powder or carbon 
black and serves to render the silicone rubber electrically conductive. 

22. A method as claimed in claim 21, wherein the additive is stainless steel powder. 

23. A method as claimed in claim 21, wherein the additive is iron oxide. 

24. A method as claimed in claim 20, wherein the additive is an inert substance, such as 
glass, and serves to render the silicone rubber mechanically rigid. 

25. A method as claimed in any one of the preceding claims, wherein a surface of the 
silicone rubber precursor is contacted with the sacrificial filler, so as to form a structured 
silicone rubber haying a textured surface. 

26. A method as claimed in claim 25, wherein the textured surface of the silicone 
rubber facilitates attachment of adherent cells. 

27. A method as claimed in claims 25 or 26, wherein the textured surface of the- 
silicone rubber provides an increased number of sites for attachment of cells relative to an 
untextured surface. 

28. A method of making a textured silicone rubber as claimed in claims 25, 26 or 27, 
which comprises forming a coating of a silicone rubber precursor on a substrate, contacting 
a surface of the coating with a biologically-acceptable sacrificial filler, curing the resultant 
mixture and removing the sacrificial filler to form a textured silicone rubber. 

29. A method as claimed in claim 28, wherein the surface of the coating is contacted 
with the sacrificial filler under pressure, such that the sacrificial filler is substantially 
completely embedded in the coating. 
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30. A method as claimed in claim 29, wherein the sacrificial filler is embedded to a 
depth of 0,1-1.0 mm, preferably 0.1-0.5 mm, and most preferably 0.1-0.25 mm. 

5 31. A method as claimed in claim 30, wherein the sacrificial filler is scattered or 
sprinkled over the surface of the coating, such that the sacrificial filler is only partially 
embedded in the surface. 

<T I W!^ 92 " A method as claimed in any one of claims 25-31, wherein the textured surface is 
fJw/T0 micro-cupulatted, the micro-cupules having a depth of less than 1 mm, preferably a depth 
jj of 0.5-0. lmmi 

□ 33. A method as claimed in claim 32, wherein the micro-cupules measure less than 2 

^ mm across, preferably less than 1 mm across, and, most preferably, less than 0.5 mm 

r[j IS across. 

m "V""y^ 4 \ meC * 1 ° C ' ^ c k" mfiC l m one °* claims 1-24, wherein the sacrificial filler is 

I ^ dispersedVhroughout the silicone rubber precursor, and the structured silicone rubber 
5 substantial^ porous. 
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35. A method as claimed in claim 34, wherein the pores of the silicone rubber provide 
sites of attachment for cells or tissues, so that the cells or tissues may be substantially 
trapped within the resultant structure. 

25 36. A method of making a porous silicone rubber as claimed in claims 34 or 35, which 
comprises mixing the biologically-acceptable sacrificial filler with the silicone rubber 
precursor, curing the resultant mixture at a temperature below 180°C, and removing the 
sacrificial filler, to form a porous silicone rubber. 

v- 

< 30 37. A methbd as claimed in claims 34, 35 or 36, wherein the resultant mixture is shaped 

/ prior to curing, preferably by moulding or extrusion. 
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38. A method as claimed in any one of claims 34-37, wherein the pores are 1 (xm-0.5 
mm, preferably\lO \im to 0.2 mm, and most preferably 50 to 150 in diameter. 

39. A method as claimed in any one of claims 34-38, wherein the porous silicone 
rubber is cut to a cjesired size or shape. 

40. A method of making a teAired or porous silicone rubber substantially as 
hereinbefore described with reference to the accompanying drawings. 

/cTa^41. Atsextured or porous silicone rubber obtained or obtainable by a method according 
C one prc^^S claims. 

^ X 

42. A textured or porous silicon* rubber substantially as hereinbefore described with 
reference to the accompanying drawjngs. 
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3. A biomedical device or apparatus comprising a textured or porous silicone rubber 
as claimed in claims 41 or 42. 

44. Acukure chamber for use in a method of culturing microbiological material, which 
comprises Wleascone gas-permeable wall or portion of a wall, and a textured interior 
growth surface arranged for contact with the microbiological material being cultured. 

45. A culture chamber as claimed in claim 44, wherein the gas-permeable wall and the 
textured interior growth surface are each formed from an organic polymer. 

46. A culture chamber as claimed in claim 45, wherein the gas-permeable wall and the 
textured interior growth surface are formed of the same organic polymer. 



30 



47. A culture chamber as claimed in claims 44, 45 or 46, wherein the at least one gas- 
permeable wall or portion of a wall also provides the textured interior growth surface. 
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48. A culture chamber as claimed in any one of claims 44-47, wherein the textured 
interior growth surface is a textured silicone rubber obtained or obtainable by a method 
according to any one of claims 25-33, 



49. A culture chabiber as claimed in any one of claims 44-48, wherein the at least one 
gas-permeable wall on portion of a wall is a silicone rubber membrane. 

50. A culture chamber as claimed in any one of claims 44-49, including at least one port 
extending between the anterior and the exterior of the chamber. 

51. A culture chamber as claimed in claim 50, including an inlet port and an outlet port. 

52. A culture chamber as claimed in claims 50 or 51, including at least one septum port. 

A culture chamber as claimed in any one of claims 44-52, in the form of a flexible 
ag or envelopa preferably made of silicone rubber. 

54. A culture chamber as claimed in any one of claims 44-53, including a valve means 
for release of gasses that build up within the chamber during use. 



55. A culture chamber as claimed in claim 54, wherein the valve means comprises at 
least one filter means, the filter means allowing gasses to diffuse out of the chamber, but 
preventing microbial contamination thereof. 



56. A culture chamber as claimed in claims 54 or 55, wherein the valve means 
comprises one or more layers of a hydrophobic porous material. 

57. A culture chamber as claimed in claim 56, wherein the hydrophobic membrane is a 
PTFE membrane having a thickness of 0.25 mm and a porosity of 0.2 um. 

8. A culture chamber as claimed in any one of claims 44-57, further comprising a 
second chamber separated from the first chamber by means of a semi-permeable 
membrane. \ 
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59. A culture chamber as claimed in claim 58, wherein the second chamber has an 
access means separate from that of the first chamber. 

Ar\apparatus comprising a plurality of culture chambers as claimed in any of claims 
44-59, for Use in a method of culturing microbiological material. 

61. An apparatus as claimed in claim 60, wherein the inlets of the culture chambers are 
interconnected and the outlets of the culture chambers are interconnected. 

62. An apparatus as claimed in claims 60 or 61, wherein a further chamber having a 
semi-permeable wall is positioned within each culture chamber, each semi-permeable 
chamber having an inlet that is interconnected with the inlet of the other semi-permeable 
chambers and having an oudet that is interconnected with the outlet of the other semi- 
permeable chambers. 

63. An apparatus as claimed in claim 62, wherein said apparatus is a bio-reactor. 

A method of adjuring microbiological material in a culture chamber as claimed in 
any one of claims 44-59, or an apparatus as claimed in any one of claims 60-63. 

65. A method as claimed in claim 64, comprising growing anchorage-dependent 
stromal cells on the textured surface of the culture chambers), and then innoculating 
^ anchorage-independent stem cells into the culture chambers), to allow proliferation of the 
2} stem cells. 



/J 





66. A method oftcarrying out a bio-processing operation in a culture chamber or an 
apparatus as claimed ta anyone of claims 44-63, which comprises attaching cells for 
performing the bio-processing function to the textured surface of the culture chambers), 
introducing liquor to b\ processed into the culture chambers) via an inlet and collecting the 
processed liquor at an oujJet from the culture chamber(s). 
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67. A method as claimed in claim 66, which comprises culturing cells on the textured 
surface in a culture medium, removing spent medium including cellular by-products from 
the culture chambers), and passing fresh nutrient medium through a semi-permeable 
chambers) located within the culture chambers), so to allow fresh medium to diffuse 
through the semi-permeable membrane into the culture chambers). 

68. A method as claimed in claim 67, wherein the nutrient medium is passed through 
the semi-permeable chamber in the opposite direction to that in which the liquor or spent 
medium is passed through the culture chamber. 

69. A method as claimed in claims 67 or 68, wherein the nutrient medium is recycled. 




70. A well for use in a method of culturing microbiological material and having at least 
]P" I one wall de^ng the well, at least a portion of the wall being gas-permeable to enhance 
/ 5 oxygen supply to the well, and at least a portion of the interior surface of the wall being 
rU textured to iiWease surface area and to enhance cell adherence. 

:S 71 j± we u ^ claimed in claim 70, wherein the gas-permeable portion of the wall and 

the textured portion of the wall are positioned at the base of the well. 



20 




72. A well as claimed in claims 70 or 71, wherein the gas-permeable portion of the wall 
comprises a gas-permeable membrane, preferably formed of silicone rubber. 

QX773. A well Vs claimed in claims 71 and 72, wherein the membrane has a textured 
Z5 surface facing tne interior of the well. 

74. A well as fclaimed in any one of claims 70-73, wherein the textured surface has 
crater-like depressions or micro-cupules. 

30 75. A well as cliimed in any one of claims 70-74, wherein the textured surface is made 
by a method as claiiLed in any one of claims 25-33. 

76. A microtitre Alate having at least one well as claimed in any one of claims 70-75. 
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77. A method of culturing microbiological material on a well as claimed in any one of 
claims 70-75, or into a microtitre plate as claimed in claim 76. 

5 78. Vn implant device comprising a cell support structure having a coating with a 

texturedfflface, to promote anchorage of the implant by cell attachment and ingrowth by 
surrounding tissue upon implant. 

79. An implant device as claimed in claim 78, wherein the textured surface has crater- 
10 like depressions or micro-cupules. 

80. An implant device as claimed in claims 78 or 79, wherein the coaling comprises 
textured silicone rubber. 

n ^1 An in\plant device as claimed in claim 80, wherein the textured silicone rubber 
coating is made by a method as claimed in any one of claims 25-33. 

82. An implint device as claimed in any one of claims 78-8 1, wherein the device is a 
heart valve, a stertium implant, or a reconstructed calf ligament. 

20 

83. A substrate for growth of skin grafts m vitro, comprising a flexible membrane 
having a textured surface. 

84. A substrate as claimed in claim 83, wherein the flexible membrane prevents the skin 
25 graft from becoming brittle, whilst the textured surface increases the surface area for cell 

adhesion, promotes cell adhesion and gives the skin a rough surface to enhance "taking'' of 
the graft on transplant. 

85. A substrate as claimed in claims 83 or 84, wherein the flexible membrane is gas- 
30 permeable. 



86. A substrate as claimed in claim 85, wherein the membrane comprises silicone 
rubber. 
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87. A subVtrate as claimed in any one of claims 84-86, wherein the textured surface has 
crater-like depressions or micro-cupules. 

88. A substrate as claimed in any one of claims 84-87, wherein the textured surface is a 
textured silicone nibber made by a method as claimed in any one of claims 25-33. 

89. A skjn^^fc^>wn on a substrate as claimed in any one of claims 84-88. 

90. VA tissue support structure for use in a method of culturing tissue or cellular 
^glomete®, which comprises a biocompatible material having an internal system of 

po^rtheWres promoting cell attachment and anchorage and oxygen supply to the tissue. 

91. A tissue support structure as claimed in claim 90, wherein the porous material is 
provided with small, fine bore tubes. 

92. A tissue support structure as claimed in claims 90 or 91, wherein the shape of the 
porous material is adapted so as to engineer the shape of the resultant tissue. 

93. A tissue support structure as claimed in claim 90, wherein the porous material 
comprises porous silicone rubber. 

94. A tissue sujpport structure as claimed in claim 93, wherein the porous silicone 
rubber is made by aWethod as claimed in any one of claims 34-39. 

95. An apparatus fter culturing tissue or cellular agglomerates, comprising a tissue 
support structure as claifned in any one of claims 90-94, wherein the apparatus further 
comprises a gas-permeabfie membrane, to enhance oxygen supply to the system of pores 
and channels within the pok>us material, and therefore to the tissue. 



96. An apparatus as claimed in claim 95, wherein the gas-permeable membrane is 
attached to the porous material. 



WO 00/24437 PCT/GB99/03558 

- 38 - 



97. An apparatus as claimed in claim 96, wherein the gas-permeable membrane 
comprises silicone rubber. 

98. An apparatus as claimed in claims 96 or 97, wherein the porous material is attached 
to the gas-permeable membrane using a gas-permeable adhesive. 

99. An apparatus as claimed in claim 98, wherein the gas-permeable adhesive is a 
silicone rubber adhesive. 

100. An apparatus as claimed in any one of claims 94-99, wherein a plurality of tissue 
support structures are arranged in close proximity to one another, so as to allow fusion 
between tissue or cell masses growing on each structure, to create larger tissue or cellular 

lomerates.1 



101. An artificial implant formed from a material having an internal system of pores, the 
pores promoting cell attachment and anchorage and oxygen supply to the cells on the 
implant surface. 

102. An artificial implant as claimed in claim 101, wherein the porous material comprises 
porous silicone rubber. 

103. An artificial implant as claimed in claim 101, wherein the porous material is made 
by a method as claimed in any one of claims 34-39. 



104. An artificial implant as claimed in claims 101, 102, or 103, for use as a cartilage 
implant. 

105. A cartilage implant as claimed in 104, wherein the porous material has been seeded 
invitox) with chondrocytes, to form a layer of cartilage over the implant. 

106. A caralageumplant as claimed in claims 104 or 105, for replacing eroded joints, 
wherein the porous\silicone structure has been moulded to conform to the shape of the 
bone, which it is to orotect. 
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^frljfo. A cartilaLe implant as claimed in claims 104, 105 or 106, wherein the porous 
material has been moulded into the shape of a nasal bridge. 



5 108. A carcila 



e implant as claimed in claims 104, 105 or 106, wherein the porous 




material has beex moulded into the shape of an ear. 

}. 

109. An artificial implant as claimed in any one of claims 101, 102, or 103, for use as a 
vascular graft. 

10 

1 10. A vascular graft as claimed in claim 109, comprising a hollow tube made from 
porous material, preferably porous silicone rubber. 

11. A vascular graft as claimed in claims 109 or 1 10, further providing an interior 

1 12. A vascular graft as claimed in claim 111, wherein endothelial cells are grown on the 
interior surface of the graft. 

20^\113. A vascular graft as claimed in claims 111 or 112, providing an exterior surf ace for 
. cell adhesioY 

y 0 / \ 

1 14. A vascular graft as claimed in claim 1 13, wherein smooth muscle cells are grown on 
the exterior surface of the graft. 

25 

r 1 15. A vascular graft as claimed in any one of claims 109-1 14, wherein one or both 
surfaces of thV graft are additionally roughened to enhance cell attachment, preferably by 
Q^/ providing the graft with textured silicone rubber surface. 

30 116. \a cell implant means comprising a porous material for retention of cells to be 
^1 implantedjpfe pores promoting cell attachment and anchorage and oxygen supply to the 
cells, and protective means to shield the cells from immune attack after implant. 
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117. A cell implant means as claimed in claim 116, wherein the porous material 
comprises silicone rubber. 

18. A cell ilplant means as claimed in claim 117, wherein the porous silicone rubber is 
made by a methld as claimed in any one of claims 34-39. 

119. A cell implant means as claimed in claims 116, 117 or 118, wherein the protective 
means comprises a semi-permeable membrane forming an envelope around the porous 
material. 

^ ^120. A ceAmplant means as claimed in any one of claims 116-119, for use as an 
; D ^fyjfendoczme impknt. 

m . An endocrine implant as claimed in claim 120, wherein the porous material is 
15 seeded in vitro with endocrine cells. 




122. An endocrine implant as claimed in claim 121, wherein the endocrine cells are islets 
of Langerhans cells. 



3 20 123. Vrikig delivery system comprising a porous material whose pores have been 

impregnated or saturated with a drug for delivery. 

124. A drug delivery system as claimed in claims 123, suitable for implantation into a 
human or animal body. 



25 




125. A drug delivery system as claimed in claims 123 or 124, wherein the drug is present 
in admixture with at least one sustained release ingredient. 

126. A Wug delivery system as claimed in claims 123, 124 or 125, wherein the porous 
0 / material comprises a porous silicone rubber. 

127. A drug\ delivery system as claimed in claim 126, wherein porous silicone rubber is 
made by a method as claimed in any one of claims 34-39. 
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128. A futratiewp media comprising porous silicone rubber, for use in separations. 

29. Arbitration media as claimed in claim 128, wherein the porous silicone rubber is 
made by a method as claimed in any one of claims 34-39. 

130. A filtration media as claimed in claims 128 or 129, wherein the pores in the silicone 
rubber are of sub-micron size, preferably in the order of 0.1 - 0.5 um. 

r 131. A Mtration media as claimed in claims 128, 129 or 130, for use in magnetic 
O \J^r separation. \ 

: y 132. A filtration media as claimed in claim 131, wherein the porous silicone rubber 

% includes magnetic additives. 

a IS 

$3. X filtration media as claimed in any one of claims 128-132, for use in expanded bed 
absorption^ 




134. A filtration media as claimed in claim 133, wherein the porous silicone rubber is in 
20 particulate form. 

j 135. A fihration media as claimed in any one of claims 128-134, for use in static inline 
filtration. \ 

25 136. A filtration media as claimed in claim 135, wherein the porous silicone rubber is in 
the form of sheets or tubes. 



~TjO 137. A filttetion media as claimed in any one of claims 128- 136, wherein the porous 
ilicone rubber >s in the form or annular discs. 

138. i^ce^cryopreservation system, comprising a porous material for absorbing cell 
cu ^ mre ^o^^internal system of pores and a container suitable for storage in liquid 
\ nitrogen. \ 
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139. A cell ciyopreservation system as claimed in claim 143, wherein the porous material 
comprises porous silicone rubber. 

V? 140. \^ell oyopreservation system as claimed in claim 139, wherein the porous silicone 
*$/ rubber is mafcie by a method as claimed in any one of claims 34-39. 

" 141. A cell cryopreservarion system as claimed in claims 138, 139 or 140, wherem the 

container comprises releasable sealing means. 

10 

142. A cell cryopreservation system as claimed in claim 141, wherein the container is a 
syringe-type plunger. 

dectrode comprising a porous material having electrically conductive particles 



^^ a= \disperse 



herein. 



144. An electrode as claimed in claim 143, wherein the porous material comprises 
porous silicone rubber. 

2^145. An e\ectrode as claimed in claim 144, wherein the porous silicone rubber is made 
by a method \ claimed in any one of claims 34-39. 




146. An ele«\d e M daimed b daims 148 ' 149 or 150, wherein ^ conduerive P*™^ 
are metal or carboX powders. 

25 

147. An elearode as claimed in any one of claims 143-146, wherein the porosity of the 
material promotes adherence of microorganisms to the electrode surface, preferably 
microorganisms that are capable of digesting waste. 

^—7148. AnNelectrode system comprising a plurality of electrodes as claimed in any one of 
^y/ claims 143-14^ immersed in a liquid electrolyte and connected to an electric circuit. 

149. A method of treating sewage using an electrode system as claimed in claim 148. 
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i5 °\^ wound dressing c ° m P risin s a first iayer ° f a porous gel 40(1 a second layer of a 



9 _ . . % 

camerWl. 

^TTVl. \wound dressing as claimed in claim 150, wherein the porous gel layer comprises 
Wp or ou S si&Dne rubber gel, preferably made by a method as claimed in any one of claims 
if/ 34-39. 

152. A wound dressing as claimed in claims 150 or 151, wherein the carrier gel layer 
10 comprises a silicone gel. 

J 153 . ^ound dressing as claimed in claims 150, 151 or 152, wherein the carrier gel is 

S a PP Ued to \supportive structure, preferably a Dacron® mesh. 



$y layer is infusec^with a drug for delivery to the wound. 
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155. A wound dressing as claimed in claim 154, wherein the drug is a growth-promoting 
drug. 

156. A wound dressing as claimed in claim 155, wherein the drug is an antibiotic. 



\ f) ^ 157 AoCbical swab, comprising a porous material, the pores increasing the surface area 
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of the swaVand promoting oxygen transport to the swab surface. 

158. A clinical swab as claimed in claim 157, wherein the porous material comprises 
porous silicone rubber. 



159. 



A clinic^ swab as claimed in claim 158, wherein the porous silicone rubber is made 
jq<r/by a method as dajmed in any one of claims 34-39. 

/ \ 
H ^ ' 160 A clinical sw^ claimed bc^ 

contains a radio-opaque\dditive, preferably barium sulphate. 
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kWcal s«ab as dimed in any one of dims 157-160, whereto the porous 



^Jjf^macerial is \ifused with a drug, 



